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by 

Lloyd A. Jeffress and Charles S. Watson 

I. Sta tus  of Proposed Problems 

A. Problem 1-a. Receiver Operating Character is t ics  f o r  Visual Detection 
(Ann Tucker and R. B. Evans) 

Data from this  study a r e  being examined s t a t i s t i c a l l y  t o  determine the 

optimal method of combining day-to-day blocks o f  da ta  and t o  discover,  if possible,  

what undesired sources of variance can be eliminated f r o m  t h e  r a t i n g  s c a l e  

procedure . 

Problem 1-b. Psychophysical Studies of Brightness 
(G. H. .Jacobs and H. A.'Gaylord) 

A s e r i e s  of s tud ie s  on some cha rac t e r i s t i c s  o f  perceived brightness a r e  

p re sen t ly  being planned, and t h e  appropriate apparatus is  under construction. The 

focus of i n t e r e s t  i n t h e s e s t u d i e s  involves t h e  general  case where the  brightness 

response t o  a t r ans i en t  sh i f t  i n  t h e  luminance o f  a v i sua l  stimulus is  obtained 

when both increments and decrements i n  l i g h t  input a r e  provided. Parameters of 

i n t e r e s t  include both t h e  magnitude of  t h e  stimulus s h i f t  and t h e  adaptation 

condition f r o m  which t h e  s h i f t  i s  made. The impetus f o r  these  s tud ie s  came f r o m  

some r e s u l t s  o f  physiological experiments which ra i sed  t h e  question as t o  how the 

v i s u a l  system operates i n  de tec t ing  changes about an adaptation state, and t h e  

f u r t h e r  question as t o  the  nature  of t h e  slopes f o r  changes i n  brightness as a 

funct ion of t h e  adaptat ional  variable.  

number of subjects  estimated t h e  brightness o f  f lashed increments and decrements 

i n  st imulus luminance f o r  severa l  d i f fe ren t  adaptation conditions. 

A p i l o t  study has been run i n  which a 

There were 
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two  obvious r e s u l t s  from these  observations: 

appears t o  be one technique with which it i s  possible  t o  obtain r e l i a b l e  estimates 

of br ightness  f rom r e l a t i v e l y  naive subjects  i n  t h i s  kind of task,  and (b) t h e  s lope 

o f  t h e  brightness function i s  highly dependent on t h e  luminance o f  t h e  region sur- 

rounding t h e  t e s t  area r e l a t i v e  t o  t h e  luminance o f  t h e  t e s t  region ( in  addi t ion t o  

t h e  experimental var iab les  t h a t  were spec i f i ca l ly  examined). 

o f  induction provided by t h e  surround--test region in t e rac t ion  is  also a powerful 

f ea tu re  of t h e  s i t ua t ion .  

(a) t h e  method o f  magnitude estimation 

In  short ,  t h e  amount 

We are, therefore ,  about t o  embark on two kinds o f  experiments. I n  t h e  

f i r s t  we plan t o  examine carefu l ly  t h e  nature  o f  t h e  brightness funct ion f o r  a range 

o f  stepped increments and decrements from a v a r i e t y  o f  adaptation conditions i n  t h e  

case where t h e  p o s s i b i l i t i e s  f o r  induction e f f e c t s  a r e  minimized by using a stimulus 

s i t u a t i o n  where t h e  adaptation and t e s t  l i g h t s  d i f fuse ly  i l luminate  the  whole eye; 

secondly, we propose t o  make t h e  same kinds o f  measurements where t he  luminance o f  

t h e  surround o f  t h e  t e s t  f i e l d  i s  systematically var ied over a l a r g e  range. 

t o  obtain information about t he  shape o f  t h e  br ightness  funct ion around a number o f  

adaptation states, t o  examine t h e  d e t e c t a b i l i t y  of increments and decrements i n  

stimulus luminance as a funct ion of the adaptation var iab les ,  and t o  examine quanti-  

t a t i v e l y  the e f f e c t s  of induction under these  var ious stimulus conditions.  

We hope 

Problem 1-c. Physiological Studies of  Brightness 
(G. H. Jacobs and H. A. Gaylord) 

Considerable time has been spent analyzing da ta  co l lec ted  previously f r o m  

experiments i n  which s ing le -ce l l  a c t i v i t y  from fourth-order elements i n  t h e  monkey 

v i sua l  was recorded. 

those shown t o  funct ion i n  t h e  conduction o f  v i sua l  information s ignal ing t h e  br ight -  

ness of a v i sua l  stimulus. 

at  t h e  spr ing meeting of t h e  Optical  Society of  America. 

t h a t  t a l k  follows: 

The elements under invest igat ion i n  those experiments were 

The r e s u l t s  o f  these  experiments were presented o ra l ly  

The published abs t r ac t  o f  
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LATERAL GENICULATE RESPONSES TO SHIFTS IN LIGHT INTENSITY: 
ADAPTATION EFFECTS 

Gerald H. Jacobs 
Department of Psychology and Defense Research Laboratory 

The University o f  Texas 

[J. Opt. SOC. Amer., - 55,  613-614, 19651 

Single  un i t s  i n  t h e  l a t e r a l  geniculate nucleus of t h e  monkey which 
t ransmit  information about t h e  brightness o f  a stimulus l i g h t  a r e  
of two types;  some show a n  increase i n  f i r i n g  r a t e  t o  a l l  spec t r a l  
s t imu l i  (broad-band on c e l l s ) ,  others respond with a decrease i n  
f i r i n g  r a t e  (broad-band inhib i tors ) .  The behavior of these  two  
c l a s ses  o f  c e l l s  i n  response t o  stepped s h i f t s  i n  l i g h t  i n t ens i ty ,  
both increments and decrements, from a given adaptat ion i n t e n s i t y  
has been examined. The on c e l l s  respond with an increase i n  
f i r i n g  r a t e  t o  increments i n  stimulus in tens i ty ;  they respond with 
a decrease i n  f i r i n g  rate t o  decrements i n  stimulus in t ens i ty .  
Inh ib i tory  c e l l s  behave i n  t h e  opposite manner. The response t o  
a spec i f i c  st imulus i n t e n s i t y  is dependent on t h e  i n t e n s i t y  of t h e  
adaptat ion l i g h t .  The re la t ionship  between f i r i n g  r a t e  and t h e  
s i z e  of t h e  stimulus s h i f t  shows cha rac t e r i s t i c  changes as a 
funct ion of t h e  adaptation intensi ty .  The t o t a l  range of shift  
i n t e n s i t i e s  over which any cell  shows good d i f f e r e n t i a t i o n  i s  
usua l ly  not more than 51 l o g  u n i t  around t h e  adaptat ion in tens i ty .  
An index of t h e  discriminatory a b i l i t y  of these  c e l l s  has been 
derived, based on t h e  differences between t h e  inh ib i tory  and 
exc i ta tory  responses f o r  any given stimulus s h i f t .  

Major e f f o r t  has been devoted toward es tab l i sh ing  a laboratory i n  which 

it w i l l  be possible  t o  study physiological aspects  o f  t h e  v i s u a l  system by means 

of s ing le -ce l l  recording. The general kinds o f  experiments t h a t  w i l l  be done w i l l  

be d i rec ted  toward t h e  problems of understanding t h e  nature  o f  t h e  mechanisms f o r  

coding s p a t i a l ,  wavelength, and in tens i ty  aspects  o f  t h e  v i s u a l  input as seen at 

severa l  l e v e l s  i n  t h e  s q u i r r e l  monkey v isua l  system: opt ic  t r a c t ,  l a t e r a l  genicu- 

l a t e  nucleus, and superior co l l icu lus .  A s  i n  any such venture numerous problems 

a r e  being encountered but it is  ant ic ipated t h a t  experimental work w i l l  be under- 

way shor t ly .  

B. Problem 2. Signal Detection as a Function o f  Vigilance 
(C. S. Watson and T. L. Nichols) 

Instrumentation f o r  recording autonomic system responses (GSR) i n  a v ig i lance  

s i t u a t i o n  is  near ly  completed and work on t h e  experimental program w i l l  begin short ly .  

3 
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C. 

part of 

Society 

w i l l  be 

Journal 

s i d e  a t  

Work on 

Problem 3 .  Signal Duration and t h e  Width o f  C r i t i c a l  Bands 
XW. T. Bourbon and L. A. J e f f r e s s )  

Work on one phase o f  t h i s  problem has been completed. 

t h e  findings,  wri t ten for presentation a t  t h e  June meeting of t h e  Acoustical 

o f  America, i s  attached as Appendix A t o  t h i s  report .  The complete f indings 

used as mater ia l  f o r  a Doctor's Disser ta t ion and w i l l  be published i n  t h e  

of t h e  Acoustical Society o f  America. 

A paper covering 

F i l t e r s  have been ordered t o  permit approaching t h e  c r i t i c a l  band from one 

a time i n  order t o  obtain a b e t t e r  idea o f  both i t s  width and i t s  shape. 

th i s  aspect o f  t h e  problem w i l l  begin as soon as t h e  f i l t e r s  have been 

delivered. 1 

~ 

D. Problem 4. Detection o f  Minimal Signals i n  t h e  Absence of Fxternal Noise 
(c. S. Watson) I 

Further work on t h i s  problem is awaiting t h e  outcome o f  a re la ted  

methodological study . 

E. Problem 5. Detection by Multiple Observers 

A s  mentioned i n  e a r l i e r  reports,  data f o r  t h i s  study a r e  being gathered i n  

They continue t o  indicate  t h e  superior perform- connection with the  other problems. 

ance of the "multiple observer!' over the b e s t  o f  t h e  four  subjects ,  but no f o r m a l  

presentat ion o f  t h e  r e s u l t s  i s  appropriate a t  t h e  present t i m e .  

F. Problem 6. Detection and Response Latency 
(c. S. Watson) 

These experiments were completed during t h i s  period. A paper on t h i s  work, 

wr i t ten  f o r  presentation a t  t h e  Acoustical Society of America meeting, i n  Washington, 

D. C . ,  i s  included i n  t h i s  report  as Appendk B. 

4 
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G. Additional Work 
(L. A. J e f f r e s s )  

A s  work performed p a r t l y  under t h i s  contract  and p a r t l y  under BuShips 

Contract 72627 and 93124, t w o  chapters of  a book t o  be e n t i t l e d  Modern Foundations 

- of  Auditory Theory, edi ted by J. V. Tobias and E. D. Schubert and t o  be published 

by Academic Press, have been wr i t ten  and issued as DRL Acoustical Report No. 243, 

The repor t  i s  issued under t h e  t i t l e ,  "Masking and Binaural Phenomena,'' by 

Lloyd A. Je f f ress .  

'I 
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APPENDIX A 

EFFECT OF BANDWIDTH OF MASKING NOISE ON DETECTION 
OF HOMOPHASIC AND ANTIPHASIC TONAL SIGNALS 

Walter T. Bourbon and Lloyd A. J e f f r e s s  

The University of Texas, Austin, Texas 
Department of Psychology and Defense Research Laboratory 

The e f f e c t  o f  t h e  bandwidth of a noise masker on de tec t ion  o f  homophasic and 

monaural t ona l  s igna ls  has been examined many times. A growing number of researchers 

has made use o f  t h e  band-narrowing technique t o  o b t a i n  measures of t h e  monotic and 

d i o t i c  c r i t i c a l  bandwidth (CBW). 

s tud ies  o f  c r i t i c a l  r a t i o ,  o f  loudness summation, and o f  frequency discrimination. 

In addition, t h e  problem has been at tacked through 

1 The d ichot ic  o r  ant iphasic  CBW, however, has received l i t t l e  a t ten t ion .  In  

The - Journal, i n  1964, Langford and Jef f ress  suggested tha t  the CBW f o r  ant iphasic  

de tec t ion  might be wider than tha t  f o r  de tec t ion  i n  t h e  homophasic condition. 

suggestion was based on two  f indings.  The f i rs t  was t h a t ,  i n  ca lcu la t ing  t h e  auto- 

cor re la t ion  f o r  noise  which has a time-delay in  the  channel t o  one ear ,  an assumed 

bandwidth of 100 cps brings t h e i r  function r e l a t i n g  MLD and noise  cor re la t ion  a t  

t h e  t w o  ears  i n to  agreement w i t h  t h a t  o f  Robinson and Je f f r e s s .  

t h e  cor re la t ion  by using noise  f r o m  two  addi t iona l  generators.  

assumption o f  a 50-cps bandwidth gave a poor f i t  t o  t he  Robinson-Jeffress data.  

Their 

I 
They had reduced 

Their e a r l i e r  

The second observation by Langford w a s  that ,  i n  a band-narrowing experiment, 

de tec t ion  of ant iphasic  tona l  s igna ls  began t o  improve a t  external  noise  bandwidths 

o f  about 400 cps. 

The present paper presents  t h e  r e s u l t s  of a study which r ep l i ca t e s  and extends 

t h e  observations by Langford and Jeffress concerning external  noise  bandwidth and 

an t iphas ic  detect ion.  

I 

The s igna l  used was a 500-cps tone with a duration of 130 msec, gated with a 

r i s e - f a l l  time of 25 msec. The masker was thermal noise with spec t r a l  l eve l s  of , 

50,  43, and 30 dB. I 
Eleven bandwidths were used a t  t h e  50-dB spec t r a l  l eve l ,  and six a t  45 and 30 dB. 

The bandwidth of the  masker was varied f r o m  2900 cps t o  12.6 cps. 

A - 1  
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Bandwidths f r o m  2990 t o  185 cycles were obtained by cascading two Khron-Hite 

f i l t e r s  while bandwidths from 160 t o  22 cycles were obtained f r o m  very s teep-skir ted 

f i l t e r s  b u i l t  t o  order. The 12.6-cps f i l t e r  was a single-tuned f i l t e r .  

In  t h e  ear ly  s tages  of t h e  experiment, both subjects  detected a tona l  s igna l  

outs ide t h e  masking-noise when t h e  external  bandwidth was narrow. 

harmonic o f  t h e  s igna l  frequency was found t o  be t h e  c u l p r i t .  With t h e  s igna l  

l e v e l  s e t  a t  t h e  highest  value used i n  t h e  study, t h e  unwanted harmonic measured 

0.01 mV, exact ly  what would be expected from t h e  d i s t o r t i o n  l i s t e d  i n  the spec i f i -  

cat ions of t h e  o s c i l l a t o r  used--which, by the  way, has one of the  lowest d i s to r t ions  

commerically avai lable .  

The second 

The only means by which we were able t o  remove the  1-kc tone f r o m  our de tec t ion  

t a sk  was by masking it. I n  a l l  conditions run i n  t h e  study, a wide band of noise 

w i t h  i t s  spec t r a l  l e v e l  40 dB down f r o m  that  of t h e  narrow-band masker was used. 

The low-level noise was taken f r o m  the  same noise  generator as that used f o r  t h e  

noise  of higher leve l .  

A two-interval forced-choice procedure was used. I n  order t o  obtain MLD's, the  

s igna l  l e v e l  necessary t o  produce a d '  o f  1.5 [ P ( c )  = 85%] was determined f o r  t h e  

d i o t i c  and d ichot ic  conditions a t  each bandwidth. 

MLD's obtained with a spec t r a l  l eve l  of 50 dB a r e  shown i n  Dwg. AS 63-613-S. 
The equivalent rectangular  bandwidth o f  t h e  ex terna l  f i l t e r  i s  shown on t h e  

absc issa ,  while MLD is  p lo t ted  on t h e  ordinate.  The l i n e  i s  a v i s u a l  f i t .  

The MLD o f  14.3 dB a t  an external  bandwidth of 2900 cps i s  i n  good agreement 

with severa l  e a r l i e r  s tud ies .  The same MLD i s  obtained with an ex terna l  bandwidth 

o f  508 cps. 

narrowed and does s o  r a the r  rap id ly  as external  bandwidth i s  fu r the r  reduced. 

Below t h a t  width, however, t h e  MLD begins t o  increase as t h e  band i s  

That t he re  i s  any_ change a t  a l l  i n  MLD i s  an indicat ion tha t  t h e  e a r ' s  

bandwidths f o r  d i o t i c  and d ichot ic  detection are not t h e  same. If they were, the 

MLD funct ion would be a horizontal  l ine .  That t h e r e  i s  an increase i n  MLD indicates  

A-2 
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t h a t  below an external  bandwidth of about 4.00 cycles,  a given band of noise is  l e s s  

e f f ec t ive  as a masker f o r  NO S n  than for  NO SO. 

The leveling-off o f  t h e  funct ion a t  t h e  MLD f o r  an ex terna l  bandwidth of 
22 cycles was at  f i rs t  puzzling. 

60 t he  12.6-cps bandwidth should not be t o o  narrow f o r  t h e  s igna l  duration used. 

s igna l  l e v e l s  required f o r  both NO SO and NO Sf i  a r e  lower a t  t h e  narrowest external  

bandwidth than a t  t h e  22-cps bandwidth, but t he  MLD i s  the  same. 

The bandwidth of t h e  pulsed s igna l  i s  about 7.5 cps, 

The 

I n  Dwg. AS 65-614-s we see t h e  results with a spec t r a l  l e v e l  of k5 dB. They 
are e s sen t i a l ly  l i k e  those of t h e  preceding drawing: t h e  MLD begins t o  increase a t  

an external  bandwidth of about 400 cps. 

run on subject  WTB and t h e  point proved t o  f a l l  at  a value about 1 dB lower than 

tha t  f o r  22 cycles. 

The point f o r  a bandwidth o f  12.6 cps was 

Drawing AS 65-613-s shows t h e  results f o r  a spec t r a l  l e v e l  o f  30 dB. Again, 

they may be seen t o  resemble those at  t h e  higher noise l eve l s .  

the  point not shown on t h e  drawing, f o r  an external  bandwidth of 12.6 cycles fa l ls  

a t  t h e  same value o f  MLD as f o r  22 cps. This subject  has a cons is ten t ly  lower MLD 

than does subject  BCM a t  t h i s  spec t ra l  l eve l .  He required more in tense  ant iphasic  

s igna ls  a t  a l l  bandwidths. 

For t h e  subject WTB, 

Going back t o  Dwg. A S  65-615-S, where we can see the  complete MLD function, we 

w i l l  r e tu rn  t o  the  matter of t h e  leveling-off o f  t h e  function a t  narrow external  

bandwidths. 

A function s i m i l a r  t o  o u r s  f o r  MLD i s  generated when one looks a t  t h e  difference 

i n  power loss through two f i l t e r s  of d i f f e ren t  bandwidths but w i t h  t h e  same center 

frequency. 

t i o n  is  narrowed, a point w i l l  be reached a t  which it begins t o  encroach on t h e  

s k i r t s  of t h e  wider in t e rna l  f i l t e r .  A t  tha t  time, a difference i n  power loss 

between the  t w o  f i l t e r s  shows up. If t h e  in t e rna l  f i l t e r s  about which we a r e  t a l k -  

ing are located i n  the audi tory system, an MLD between the two f i l t e r s  w i l l  appear. 

A s  t h e  bandwidth of a t h i r d  f i l t e r  external  t o  the two under considera- 

A - 3  
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As the  ex terna l  bandwidth is  narrowed s t i l l  more, the  d i f fe rence  i n  power l o s s  w i l l  

increase at  a r a t e  determined by t h e  shapes and widths o f  t h e  s k i r t s  o f  t h e  in t e rna l  

f i l t e rs .  When t h e  external  f i l t e r  begins t o  encroach on t h e  narrower of t h e  in t e rna l  

f i l t e r s  as w e l l  as t h e  wider, t h e  resu l t ing  d i f fe rence  i n  power l o s s  w i l l  be de te r -  

mined by t h e  same two  f ac to r s .  

When t h e  external  f i l t e r  has been reduced i n  bandwidth s o  t h a t  it is nazrower 

than any peak o r  plateau shared by t h e  two in t e rna l  f i l t e r s ,  t h e  d i f fe rence  i n  

power l o s s  between the two w i l l  go t o  zero and any f u r t h e r  reduction i n  external  

bandwidth w i l l  now r e s u l t  i n  equal power losses  i n  both f i l t e rs .  If t h e  i n t e r n a l  

f i l t e rs  are i n  t h e  audi tory system, t h e  MLDs between t h e  t w o  f i l t e r s  w i l l  be con- 

s t an t .  If t h e  peak of t h e  in t e rna l  f i l t e r  with broader s k i r t s  i s  narrower than t h e  

peak o f  t h e  f i l t e r  with narrow skirts, t h e  d i f fe rence  i n  power l o s s  w i l l  undergo 

a reversa l .  

funct ion f o r  MLD would r e f l e c t  th i s  reversal .  

The "wider" f i l t e r  w i l l  now l o s e  l e s s  power than t h e  "narrower." The 

We be l ieve  t h a t  something very much Like the  f i l t e r  analogy i s  occurring i n  

our study, where t h e  bandwidth f o r  detect ion in  t h e  condition NO Sfi seems wider 

than tha t  i n  t h e  condition NO SO. 

about 25 cycles i n  width. This value would represent  t h e  width o f  t h e  peak of  t h e  

NO SO f i l t e r .  The occasional reversa l  o f  t h e  MLD funct ion a t  narrow bandwidths 

ind ica tes  that  the  ears ant iphasic  f i l t e r  might have a narrower peak than does t h e  

homophas i c  one. 

The plateau common t o  both f i l t e r s  seems t o  be 

The shape of  t h e  skirts  o f  t h e  t w o  f i l t e r s  now becomes a point  o f  i n t e re s t .  

Sue Se i t z ,  i n  OUT laboratory,  i s  current ly  examining t h e  NO S O  f i l t e r  using pulsed 

tone-on-tone masking. 
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APPENDIX B 

RESPONSE LATENCY A S  A CRITERION-DEPENDENT MEASURE 
Charles S. Watson 

The University of Texas, Austin, Texas 
Department o f  Psychology and Defense Research Laboratory 

Early psychophysical s tud ies  concentrated a grea t  dea l  o f  e f f o r t  on t w o  aspects  

of peoples' a b i l i t y  t o  dea l  with sensory inputs.  

"threshold"-Level of a sensory event required f o r  it t o  e l i c i t  a response and t h e  

second t h e  minimal time within which t h i s  response could be produced. Reaction-time 

data have been used f o r  many purposes, f r o m  estimation o f  neural  conduction rates t o  

measurement of "cognition time," and recent ly  the re  has been some discussion of t h e i r  

possible  use as indica tors  o f  performance i n  de tec t ion  tasks .  Procedures f o r  measur- 

ing reac t ion  times have been qui te  similar t o  those used i n  measuring psychophysical 

thresholds.  When it i s  found that subjects occasionally respond s o  rapidly,  i n  

comparison with average reac t ion  t imes,that they may have been jumping the gun, they 

a r e  warned t o  be more carefu l ,  o r  t o  "keep t h e i r  eagerness within bounds." 

suggests that t h e  basic  assumption on which such procedures a r e  based i s  t h a t  t he re  

i s  an i r reducib le  minimum reac t ion  time plus  a remainder ... t h e  reducible  margin, 

The f i rs t  was t h e  minimal o r  

Woodworth 

w i t h  some more-or-less-random e r ro r s  d i s t r ibu ted  around t h i s  minimum.' 

areas of psychophysics, evidence has a r i sen  from time t o  time tha t  could not be 

e a s i l y  predicted from such an assumption. 

reac t ion  time, along with other var iables  r e l a t ed  t o  t h e  values and cos t s  associated 

with t r u e  and false responses. 

sory s t i m u l i  may be, l i k e  readiness t o  respmd a t  a l l ,  a funct ion of  some decis ion 

r u l e  o r  c r i t e r i o n  adopted by the observer. A simple hypothesis suggests t h a t  one 

may respond ear ly ,  before a l l  o f  t h e  ' ' returns a re  in ,"  a t  t h e  r i s k  of e r ro r ,  o r  
delay when grea te r  accuracy is  requtred. That is, some decis ion rule must be 

adopted which represents  the balance between accuracy and speed tha t  t h e  observer 

i s  wi l l ing  t o  tolerate. The par t icu lar  r u l e ,  o r  c r i t e r i o n ,  might be manipulated 

experimentally t o  sh i f t  t h e  reac t ion  time and t h e  accuracy. 

d i f f e r i n g  reac t ion  times might thus d i f f e r  only i n  t h e i r  c r i t e r i a ,  while being 

equal i n  a b i l i t y  t o  respond rapidly,  or they might even be opposite t o  t h e  o r ig ina l  

ordering, if compared f o r  a constant l e v e l  of psychophysical performance. 

As i n  other 

Preliminary set  has a l a r g e  e f f e c t  on 

It i s  possible  t ha t  the  speed of a reac t ion  t o  sen- 

Two observers with 

B-1 



14 July 1965 
LAJ:dd 

I thought t h a t  t h i s  was such an obvious idea t h a t  it must have been looked in to ,  

but d idn ' t  f ind  t h a t  someone had u n t i l  completing t h e  work I'll show i n  a moment. 

W. E. Hick, i n  1952,2 derived t h i s  idea through observing t h a t  reac t ion  time was a 

l o g  function o f  t he  amount of information transmitted; t h a t  when h i s  subjects  t r ans -  

mitted less than the  t o t a l  information i n  a message they took less time t o  do it 
and t h a t  t h e  reduced information transmitted could be predicted f rom t h e  t i m e  

required t o  handle a smaller message perfectly.  

I n  a preliminary experiment i n  v i sua l  detect ion w e  found, as Hick had, t h a t  t h e  

grea t  problem i n  t e s t i n g  t h e  speed-accuracy t rading hypothesis i s  t h e  d i f f i c u l t y  i n  

ge t t i ng  observers t o  do l e s s  than perfect ly .  

decision. 

ge t  around t h i s  problem. 

in t e rva l ,  generally about 1200 - msecs, following t h e  observation in te rva l .  

response i s  made (pressing t h e  yes o r  no - button)  within t h i s  i n t e rva l ,  a feedback 

l i g h t  i s  flashed indicat ing t o  t h e  observer t h a t  h i s  response was recorded. The 

blunder was t h e  missett ing o f  t h i s  response time t o  600 msec and, as a r e s u l t ,  

f inding t h a t  a group of observers w a s  n o t  doing as well as expected i n  accuracy 

but were ge t t ing  all of t h e i r  responses i n  t h e  in te rva l .  Following t h i s  lead w e  

t r a ined  a new group t o  de t ec t  a 500 cycle, 68-dB tone, 150 msec i n  duration, 

presented i n  a noise background, lOO-3OOO cycles i n  width with a s p e c t r a l  l e v e l  

of approximately 50 dB. We used a yes-no, o r  s ing le  in t e rva l  procedure, with t h e  

s igna l  present on ha l f  o f  t h e  t r i a l s  and having a t h r e e  sec i n t e r t r i a l  i n t e rva l  

and began t o  co l l ec t  t h e  da t a  shown i n  Dwg. No. AS 65-595-S a f t e r  a week o f  

preliminary t ra in ing .  W e  s t a r t e d  w i t h  a 1250-msec response in t e rva l  and, running 

f o u r  days, o r  about 2000 t r ia l s  per subject,  f o r  each condition gradually reduced 

t h e  response in t e rva l  t o  1000, 800, 600, 400, and f i n a l l y  250 msec. 

t h e  sequence of these runs w e  cannot say much about t h e  improvement a t  800 msec, 

except t h a t  people haven't  found t h e  learning o f  t h i s  t a sk  t o  be such a long term 

process. It does seem c l e a r  t h a t  no par t icu lar  d i f f i c u l t y  is  encountered when as 

l i t t l e  as 800 msec is allowed i n  which t o  respond. "he l i s t e n e r s  d i d n ' t  complain 

t h a t  t h e i r  response i n t e r v a l  had been shortened u n t i l  we reached 400 msec; with 

some prodding they were ab le  t o  ge t  a l l  of t h e i r  responses i n  even t h a t  in te rva l .  

A t  250 msec they had d i f f i c u l t y  i n  get t ing a l l  responses in .  The average percent 

They prefer  t o  wait and make a per fec t  

A laboratory blunder suggested a simple experimental procedure t h a t  might 

I n  t yp ica l  detection experiments we def ine a response 

If a 

Because o f  
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i n  the  in t e rva l  varied considerably across  t h e  observers, as i s  indicated t o  t h e  

l e f t  of t he  data points  f o r  t h i s  interval .  

Se t t l i ng  on t h e  250 msec in te rva l ,  we next t r i e d  varying t h e i r  speed by 

ins t ruc t ing  them before each block of 100 t r ia ls  t o  work either f o r  speed, accuracy, 

o r  t o  be "medium." Speed was always s t ressed t o  a considerable extent s ince t h e  

subjects  were under the  impression tha t  only responses i n  the i n t e r v a l  were counted. 

Drawing No. AS 65-601-s shows the  probabi l i ty  o f  being cor rec t  f o r  a l l  responses, 

as a function of t h e  percentage f a l l i n g  within t h e  250 msec in te rva l .  P(C)max on 

t h e  ordinate i s  simply t h e  percent correct adjusted f o r  any response bias.  The 

l i s t e n e r s  could work from one s t ra tegy  t o  another - on demand and t h e  t rading o f  

speed and accuracy was c l ea r  even i n  d a t a  f r o m  s ing le  blocks of 100 t r ia ls .  The 

separation between subjects  on these  functions i s  a lmost  per fec t ly  predicted by 

t h e i r  differences i n  a b i l i t y  t o  detect  the s igna l  when 1250 msec were allowed i n  
which t o  respond, as shown i n  the  previous drawing. 

Since some of t h e  v a r i a b i l i t y  i n  these data was apparently a function of t h e  

d i f f i c u l t y  of t h e  decision, we t r i e d  the  same ins t ruc t ions  f o r  a l i s t e n i n g  t a sk  

i n  which t h e  observers could perform jus t  about pe r fec t ly  if  they took t h e  t i m e ,  

that  i s ,  we turned o f f  t h e  noise. The data i n  t h e  upper r i g h t  hand corner shows 

t h e  r e s u l t s .  They got a l m o s t  a l l  of t h e i r  responses i n  t h e  in t e rva l  and were 

almost  100 percent cor rec t .  Shortening t h e  in t e rva l  t o  l 5 O  msec, however, produced 

funct ion very similar t o  those i n  t h e  center  o f  the s l ide,  where t h e  decisions were 

d i f f i c u l t  because of the noise. 

A t  t h i s  point we decided t o  concentrate on t h e  reac t ion  times r a the r  than 

numbers of responses i n  various intervals ,  and t o  continue t o  leave out t h e  noise. .  

Drawing Nos. AS 65-597-S, AS 65-598-S, AS 65-599-S, and AS 63-600-S show reac t ion  

times measured f r o m  t h e  onset of t h e  tone t o  t h e  time of t he  response. The d i s t r i -  

butions,  f rom t h e  top,  a r e  f o r  t he  ''accuracy," t h e  "medium" and t h e  ''speed" ins t ruc-  

t ions .  

and no - responses, o r  between cor rec t  and incorrect  responses, although we bel ieve 

these  might be picked up under o ther  conditions. 

d i s t r ibu t ions  were - sh i f t ed  i n  t h e  same d i rec t ion  f o r  each subject ,  although by 

No s ignf icant  d i f fe rences  i n  react ion time were found between yes responses 

The ma jo r  f inding was t h a t  t he  
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amounts which were idiosyncrat ic  with the subject .  

i n  t h e i r  responsiveness t o  the  instruct ions.  ) 
t rading can be seen i n  the percent correct  and mean react ion time f o r  each d i s t r i -  

but ion. 

(The subjects  appeared t o  vary 

The r egu la r i ty  o f  t h e  speed/accuracy 

I n  Dwg. No. AS 65-596-S t h e  probabi l i ty  o f  being correct  i s  shown f o r  these 

same data  as a function o f  react ion time. 

differences i n  detect ion a b i l i t y  the subjects a r e  grouped r a the r  c lose ly  together.  

It i s  c l e a r  that even s m a l l  d i f ferences i n  acceptable e r ro r  r a t e s  r e s u l t  i n  s izeable  

changes i n  reac t ion  times. For example, moving f r o m  1 percent t o  10 percent i n  

e r ro r  score means a react ion time of  l3O msec ( f r o m  about 400 t o  about 270). 

Without t h e  variance contributed by 

A t  t h i s  point w e  speculated t h a t  the same t rading could be demonstrated i n  the  

simple reac t ion  time se t t i ng ,  with s ignals  presented i n  random time and the  observer 

e i the r  responding o r  not. J i m  Egan assured us t h a t  it could and reminded us that he 

observed a r e l a t ed  e f f e c t  i n  h i s  research on t h e  Method of Free Resp0nse.j H e  found 

reac t ion  time increasing as he asked h i s  observers t o  move f r o m  l a x  t o  s t r i c t  i n  

t h e i r  decision c r i t e r i a ,  i n  addi t ion t o  the  changes i n  response densi ty .  

F ina l ly ,  i f  one i s  in te res ted  i n  react ion time as an index of d e t e c t a b i l i t y ,  

t he re  i s  a more familiar r e l a t i o n  between accuracy and speed than the  one described 

here. Many experiments have shown tha t  reac t ion  times increase as decisions become 

more d i f f i c u l t .  Thus, whenever the inputs within a s e t  vary i n  d i f f i c u l t y  (and, if 

one admits t o  noisy nervous systems t h i s  would probably mean a l l  - sets of inputs,  a t  

the decis ion s t age )  t h e  eas ie r  a r e  responded t o  more rap id ly  and more accurately if  

per fec t  performance has not already been achieved. 

percent correct  and reac t ion  time: the one o f  the  present study i n  which equal 

inputs are handled more accurately i f  more time i s  taken ... leading t o  a pos i t ive  

cor re la t ion  between percent correct  and reac t ion  time and another one, i n  which 

reac t ion  time and percent correct  a re  negatively correlated,  easy decisions being 

made more accurately and i n  l e s s  time than hard ones. 

operation might include b o t h  types of e f f ec t ,  but we think the s t r e s s ing  of speed 

leads t o  da t a  that can be bes t  described with the  speed/accuracy t rad ing  r e l a t ion ,  

while when no - stress is placed on response time the  observers adopt a s t r i c t  

Two r e l a t ions  that  exist between 

An observer 's  range o f  
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1 
1 

speed/ accuracy s t ra tegy ,  delaying responses only as they become more d i f f i c u l t .  

Working without s t r e s s  on speed Car te re t te  and Friedman have r ecen t ly  shown4 t h a t  

t h e  r e l a t i o n  between t i m e  t o  respond and d i f f i c u l t y  i s  regular  enough t h a t  it may 

be used t o  p l o t  ROC curves almost l i k e  those obtained from confidence r a t ings .  5 
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